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Purpose & Background 

Purpose: To provide an analytical foundation to Army decisions addressing 

renewable electric power options supporting current operations

Background

 Request for information (RFI) from RDECOM Operation Enduring Freedom 

(OEF) Science & Technology Advisors
• Information regarding the availability and feasibility of using mobile, renewable electric 

power generating stations for the purpose of providing electricity to remote bases, outposts, 

and villages within OEF

• Focus not just on cost but also on logistics burden (gallons of fuel, resupply missions)

 Solar and wind power with optional energy storage

 Start Date:  June 30, 2010

 Due Date:  August 24, 2010

Bottom Line Up Front

 Need full understanding of environmental history, power use & capability, 

and logistical burden for each end-location

 No “One size fits all” as optimum solution
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Configuration 2

60 kW 

Generator

35 kW 

Generator

60 kW 

Generator

10 kW 

Generator #1

10 kW 

Generator #2

Average 

Load (kW)
29.9 17.5 24.8 4.1 4.2

Maximum 

Load (kW)
55.5 33.6 50.9 9.6 9.7

Configuration 3Configuration 1

Configurations, Locations, 
& Fully Burdened Cost-of-Fuel

 Five locations chosen by AMSAA as examples

• Geographically spread throughout Afghanistan

• Weather station data available (solar and wind)

 Power Requirements Derived from SOCOM Equipment Lists

• Projected equipment power draw, duty cycle, and use interval based on 

generator capability

• Created hourly power profile for each scenario based on day/night usage

Load for Configuration 2 Load for Configuration 3

 Fully-Burdened Cost-of-Fuel (FBCF)

• $7.50/gallon example

• 400 mile Army convoy (roundtrip) out of Bagram

• Less than 20% of miles have air support

• $20.00/gallon example

• 670+ miles Army convoy (roundtrip)

• 100% of miles have air support

Load for Configuration 1
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0000Z 0 0 0 0 0 0 0 0 0 0 0 0

0300Z 0 0 0.13 0.21 0.28 0.3 0.26 0.23 0.19 0.14 0 0

0600Z 0.41 0.5 0.57 0.7 0.77 0.8 0.75 0.72 0.66 0.59 0.47 0.39

0900Z 0.48 0.57 0.65 0.76 0.82 0.87 0.85 0.83 0.71 0.6 0.47 0.42

1200Z 0 0.22 0.27 0.33 0.38 0.44 0.43 0.39 0.28 0.17 0 0

1500Z 0 0 0 0 0 0 0 0 0 0 0 0

1800Z 0 0 0 0 0 0 0 0 0 0 0 0

2100Z 0 0 0 0 0 0 0 0 0 0 0 0

Oct Nov DecJan Feb Mar Apr May Jun Jul Aug SepGMT Time

Environmental Data

 Average Solar Insolation at 3 hour intervals

 Minimum available insolation over a 

consecutive-day-period

• Energy storage size

• Photovoltaic capacity

• 1, 3, 7, 14, 21-day and monthly 

design periods

 Hourly wind data from historical surface 

observations (2009, 3-meter height)

 Missing data filled in manually

• Small gaps in time use next available day

• Larger gaps filled in with same date

but previous year’s data

Wide variety of design considerations for negative conditions such as cloudy days and calm winds

Increase solar cell or wind generation capacity

Increase amount of energy storage capacity

Allow generator operation to reduce size of solar, wind and energy storage requirements

(NASA, Surface Meteorology and Solar Energy)

(14th Weather Squadron)

Average: 2.8 MPH

Maximum: 25.3 MPH

Monthly Averaged Insolation on a Horizontal Surface at Indicated GMT Times (kW/m2)
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Energy Sources

Power Rating 10 kW 15 kW 30 kW 60 kW

Power Plant Cost $37,466 $37,090 $63,941 $70,891

Power Unit Cost $17,199 $18,545 $28,521 $31,596

TQG Cost $13,320 $13,737 $25,155 $28,907

O&M Cost/Hour $2.10 $2.05 $2.66 $2.94

Life (hours) 6,375 6,375 6,375 6,375

TQG Weight (lbs) 1182 2124 2931 3992

 Solar panel chosen for mid-point pricing and efficiency

• Costs reflect consumer panel pricing only – not installed 

cost or hardware

• Assume no degradation over time or temperature

• Non-tracking, fixed horizontal mount

 Glass-backed for semi-permanent (10-year) installation Example Wind 

Turbine Candidates

 Power plant cost/weight included as initial condition

 TQG Hourly cost and end-of-life replacement price included 

• Numbers based on peacetime estimate

• Wartime cost/life information not available

 Lead Acid and Sodium Nickel Chloride technologies examined

 Characteristics specific to each chemistry:

High volume cost Cycle life

Weight Calendar life

Charge/Discharge Efficiency Depth of discharge

Technology
Cost

($/kWhr)

Weight

(kWhr/

ton)

Cycle 

Life

Calendar 

Life

(yrs)

Efficiency

(%)

Depth of

Discharge

(%)

Sealed Lead-

Acid (Armasafe)
$180 32.7 350 4 80% 50%

Sodium Nickel

Chloride (Zebra)
$109 113 1500 8 90% 80%

Model
Power

(W)

Efficiency

(%)

Price 

($/W)

Weight

(W/lb)

Size

(W/m2)

REC 230PE 230 13.9% $2.10 5.8 144

Generator Energy Storage

Solar Cell Wind Turbine
 Extraction of wind energy based on COTS turbine curves @ 30m

 Curve fit to general equation relating “Percent Rated Power” to wind speed 

 Cycle wind data throughout year with various sized wind generators
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Methodology

Example Location:  Farah, Afghanistan, 60 kW Generator Profile, SOCOM Configuration 2

Correctly Sized 

Systems

Incorrectly 

Sized Systems Larger investment can lead to 

decreased fuel consumption,

but not always

Simulate each hour over ten years and track the usage and cost of all equipment

Fuel Use
& Savings

• Generator operational hours

• Quantity of fuel delivered

System Costs
• Initial cost

• 10-year cost including fuel

Resupply Weight

• Generator reset

• Renewable life

• Fuel weight

• Energy storage life

Solar & Wind Energy

• Time of day

• Date

• Location

Energy Storage

• Capacity

• State of charge

• Efficiency

• Cycle/Calendar Life

Power Requirement

• Time of day

Renewable Capacity

• Cost

• Weight & footprint

• Life expectancy

FBCF

• Scenario
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Solar Configurations
Optimized for Cost

 Sensitivity to Delivered Price of Fuel

• Less than $3.25/gal  Energy storage saves generator replacement cost

• $3.25 to $6.65/gal  Partial solar with NO energy storage

• $6.70/gal to $18.70/gal  Partial solar used with energy storage

• More than $18.70/gal  100% solar with energy storage

Example Location:  Farah, Afghanistan, 60 kW Generator Profile, SOCOM Configuration 2

System optimized at 

lowest 10-year cost

System optimized at 

lowest 10-year cost

Solar w/ X Days Energy Storage Solar w/ X Days Energy Storage

FBCF $7.50/gal FBCF $20/gal

Runaway costs due to large PV capacity 

necessary during minimum insolation over one 

day energy storage capability

Take-away:

Optimum system configuration 

varies non-linearly with multiple 

input variables

Optimized for cost @ $7.50/gal

No energy storage

334.7 kW solar power

75% energy from solar

4550 gal/year fuel required

2397 m2 PV area

Baseline (60 kW Generator)

25174 gal/year fuel required

Optimized for cost @ $20/gal

7 Days energy storage

5208 kWhrs

472.7 kW solar power

100% energy from solar

0 fuel required

3386 m2 PV area
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Payback (Cost Based)

Location Optimization 1A 1B 2 3A 3B Ave

Solar @ $7.50/gal 4.4 5.8 6.8 2.8 2.9 4.6

Solar @ $20/gal 4.1 3.4 3.8 2.1 2.2 3.1

Wind @ $7.50/gal 6.4 6.1 4.9 5.5 5.5 5.7

Wind @ $20/gal 4.1 3.8 2.9 3.2 3.2 3.4

Solar @ $7.50/gal 4.8 3.6 4.7 2.9 2.9 3.8

Solar @ $20/gal 5.0 4.1 4.6 2.6 2.7 3.8

Wind @ $7.50/gal 3.3 3.3 3.3 3.8 3.7 3.5

Wind @ $20/gal 2.1 2.2 1.7 2.1 2.3 2.1

Solar @ $7.50/gal 4.5 3.4 4.4 4.0 4.1 4.1

Solar @ $20/gal 4.0 3.3 3.7 2.1 2.1 3.0

Wind @ $7.50/gal 4.1 4.3 4.1 4.0 4.2 4.1

Wind @ $20/gal 2.6 2.9 2.3 2.7 2.7 2.6

Solar @ $7.50/gal 4.5 3.4 4.4 5.6 5.7 4.7

Solar @ $20/gal 5.6 4.6 5.2 2.9 3.0 4.3

Wind @ $7.50/gal 6.1 6.2 6.4 5.3 5.4 5.9

Wind @ $20/gal 3.5 3.8 3.5 3.7 3.7 3.6

Solar @ $7.50/gal 4.5 3.4 4.4 4.9 5.0 4.4

Solar @ $20/gal 5.0 4.1 4.6 2.6 2.6 3.8

Wind @ $7.50/gal 3.4 6.4 2.6 6.7 6.7 5.2

Wind @ $20/gal 5.4 5.7 4.5 4.4 4.2 4.8

Solar @ $7.50/gal 4.6 3.9 4.9 4.0 4.1 4.3

Solar @ $20/gal 4.7 3.9 4.3 2.4 2.5 3.6

Wind @ $7.50/gal 5.3 5.2 4.5 4.7 4.8 4.9

Wind @ $20/gal 3.3 3.3 2.6 3.0 3.0 3.0

Average

Payback (years)

Farah

Gozareh

Kabul

Qunduz

Faizabad

Optimum renewable energy 

configurations have payback averaging 

between 3 to 5 years

Key factors affecting configuration:
• Location (solar & wind variability)

• Average power / generator capability

• Difficulty of fuel delivery

Payback Period  Amount of time before accrued cost for optimum renewable configuration is equal to base case

Remember:

The optimum configuration 

for $7.50/gallon may be 

different than the optimum 

configuration for $20/gallon
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Solar Configurations
Optimized for Weight

System optimized at 

lowest 10-year weight

S o l a r  w /  X  D a y s  E n e r g y  S t o r a g e

Example Location:  Farah, Afghanistan, 60 kW Generator Profile, SOCOM Configuration 2

Optimized for weight/volume

7 Days energy storage

5208 kWhrs

472.7 kW solar power

100% energy from solar

0 fuel required

3386 m2 PV area

Football field & end 

zones cover 5351 m2
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Payback (Delivered Weight Based)

Optimum renewable energy 

configurations have (weight) 

payback less than 2 years

Same key factors affecting configuration:
• Location (solar & wind variability)

• Average power / generator capability

• Difficulty of fuel delivery

Wind generation weight reduction not 

included due to lack of sufficient data

Farah, Afghanistan, 60 kW Generator Profile, 

SOCOM Configuration 2, $7.50/gallon, ten years

Payback  Amount of time before accrued tonnage delivered for optimum renewable configuration is equal to base case

Baseline:  781.9 tons Optimum Solar:  134.8 tons
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Recommendations

 Each location’s environmental conditions needs to be considered
• Can be reasonably examined with available historical data in many cases

• On-site studies can be used to validate regional data

 Estimate of present power consumption cycle should be provided
• Power data loggers, equipment set-up and distribution analysis

• Conversion efficiency of fuel to energy vs. charge/discharge efficiency of energy storage

 Effective use of Fully-Burdened Cost-of-Fuel provides emphasis on fuel 

transport logistics
• Ensure system equipment matches expected mission profile

• End-user feedback, “What aspects are most important to user?”

 No “One size fits all” solution
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Back-up
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Simulation Assumptions

 Simulation:  10 years

 Cost of Fuel $7.50/gal & $20/gal

 Inverter Assumptions
• Inverter Cost:  $2/watt

• Inverter Efficiency:  95%

• Inverter Life:  5 years

• Inverter Weight not Included

 Energy Storage System:  Zebra
• Battery Cost:  $109/kWhr

• Life:  1500 Cycles or 8 years

• Planned Discharge: 80%

• Round-trip Efficiency:  90%

• Weight:  17.7 lbs/kWhr

 Configuration Optimized for 

Cost over 10 years

 Solar Panels: REC230PE
• Cost:  $2120/kW

• Efficiency:  13.9%

• Life:  10 years

• Size:  7.17 m2/kW

• Weight:  172.2 lbs/kW

• Orientation:  Fixed flat

 Wind Power:
• 30-Meter Pole Height

• $2600/kW (2009 Lawrence Berkeley National Laboratory)

 No simulations with solar and 

wind combined



1516 NOV 10

Solar Energy

Farah, Afgh:  $7.50/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 15449 16538 3580 22488 4550 5068 864 5068 885

Photo Power (Kw) 0 123.5 0 236.1 0 334.7 0 55.3 0 56.7

Photovoltaic Area (m^2) 0 885 0 1692 0 2397 0 396 0 406

Energy Storage (KwHr) 0 0 0 1575 0 2232 0 369 0 378

Initial Cost ($) $70,891 $452,784 $63,941 $796,243 $70,891 $1,143,638 $37,466 $214,977 $37,466 $218,818

Annual Cost ($) $255,635 $169,765 $184,416 $59,120 $235,188 $76,274 $78,762 $16,109 $78,762 $16,411

Initial Weight (tons) 4.0 14.6 2.9 37.2 4.0 52.5 1.2 9.2 1.2 9.4

Resupply Weight (tons/yr) 86.9 53.4 57.3 13.7 77.8 17.4 17.7 3.3 17.7 3.4

Solar Energy

Farah, Afgh:  $20/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 0 16538 0 22488 0 5068 0 5068 0

Photo Power (Kw) 0 569.9 0 333.6 0 472.7 0 78.2 0 80.1

Photovoltaic Area (m^2) 0 4083 0 2390 0 3386 0 560 0 573

Energy Storage (KwHr) 0 6279 0 3675 0 5208 0 861 0 882

Initial Cost ($) $70,891 $2,083,540 $63,941 $1,231,679 $70,891 $1,760,714 $37,466 $316,993 $37,466 $323,323

Annual Cost ($) $570,312 $77,282 $391,144 $43,205 $515,786 $65,608 $142,108 $9,665 $142,108 $9,894

Initial Weight (tons) 4.0 108.6 2.9 64.1 4.0 90.7 1.2 15.5 1.2 15.9

Resupply Weight (tons/yr) 86.9 5.4 57.3 3.1 77.8 4.4 17.7 0.7 17.7 0.7

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

10 KW PP10 KW PP60 KW PP30 KW PP60 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Farah, Afghanistan - Solar

 These solution sets optimized for cost over ten years

• For lowest annual re-supply weight, system configuration may be different

 All generators assumed to be part of Power-Plant for redundancy

 Annual cost includes fuel & replacement system costs

• Annual Cost = (10-year total cost – Initial Cost)/10
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Farah, Afghanistan - Wind

 These solution sets optimized for cost over ten years
• For lowest annual re-supply weight, system configuration may be different

 All generators assumed to be part of Power-Plant for redundancy

 Annual cost includes fuel & replacement system costs
• Annual Cost = (10-year total cost – Initial Cost)/10

 Weight not included do to lack of information

 Fuel consumption different than base case (more accurate)
• Hourly power demand/wind calculations vs. average power/insolation calculation

Green Items indicate 

optimum was found 

at boundary 

condition of input 

parameter

Wind Energy

Farah, Afgh:  $7.50/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 15185 16633 10652 22714 14587 5126 2377 5221 2419

Wind Power (Kw) 0 200 0 100 0 100 0 30 0 30

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $792,641 $63,941 $484,816 $70,891 $505,391 $37,466 $246,366 $37,466 $246,366

Annual Cost ($) $259,682 $147,405 $185,126 $116,260 $237,186 $148,019 $79,202 $41,267 $79,914 $41,668

Wind Energy

Farah, Afgh:  $20/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 12380 16633 8951 22714 12340 5126 2056 5221 2114

Wind Power (Kw) 0 400 0 200 0 200 0 50 0 50

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $1,312,641 $63,941 $744,816 $70,891 $765,391 $37,466 $298,366 $37,466 $298,366

Annual Cost ($) $581,103 $276,319 $393,037 $213,768 $521,115 $280,941 $143,280 $62,764 $145,178 $64,045

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Wind is 

poor candidate 

for Farah

 Wind energy not significant in Farah (30m pole height)
• A 100Kw Turbine would deliver less than 5 Kw of average power
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Solar Energy

Gozareh, Afgh:  $7.50/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 15263 16538 10042 22488 13667 5068 1440 5068 1533

Photo Power (Kw) 0 143.2 0 83.8 0 118.8 0 46.3 0 47.5

Photovoltaic Area (m^2) 0 1026 0 600 0 851 0 332 0 340

Energy Storage (KwHr) 0 0 0 0 0 0 0 369 0 378

Initial Cost ($) $70,891 $494,486 $63,941 $301,630 $70,891 $442,702 $37,466 $195,891 $37,466 $199,267

Annual Cost ($) $255,635 $168,090 $184,416 $118,920 $235,188 $156,124 $78,762 $23,407 $78,762 $23,846

Initial Weight (tons) 4.0 16.3 2.9 10.1 4.0 14.2 1.2 8.4 1.2 8.6

Resupply Weight (tons/yr) 86.9 52.7 57.3 34.8 77.8 47.4 17.7 5.3 17.7 5.4

Solar Energy

Gozareh, Afgh:  $20/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 0 16538 0 22488 0 5068 0 5068 0

Photo Power (Kw) 0 788 0 461.2 0 653.6 0 108 0 110.7

Photovoltaic Area (m^2) 0 5645 0 3304 0 4682 0 774 0 793

Energy Storage (KwHr) 0 6279 0 3675 0 5208 0 861 0 882

Initial Cost ($) $70,891 $2,545,805 $63,941 $1,502,235 $70,891 $2,144,131 $37,466 $380,381 $37,466 $388,257

Annual Cost ($) $570,312 $77,282 $391,144 $43,205 $515,786 $65,608 $142,108 $9,665 $142,108 $9,894

Initial Weight (tons) 4.0 127.3 2.9 75.1 4.0 106.3 1.2 18.1 1.2 18.5

Resupply Weight (tons/yr) 86.9 5.4 57.3 3.1 77.8 4.4 17.7 0.7 17.7 0.7

Wind Energy

Gozareh, Afgh:  $7.50/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 7449 16633 4747 22714 6092 5126 990 5221 1033

Wind Power (Kw) 0 150 0 100 0 150 0 30 0 30

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $662,641 $63,941 $484,816 $70,891 $635,391 $37,466 $246,366 $37,466 $246,366

Annual Cost ($) $259,682 $78,544 $185,126 $57,813 $237,186 $64,413 $79,202 $24,173 $79,914 $23,719

Wind Energy

Gozareh, Afgh:  $20/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 5182.182129 16633 3292.7229 22714 5248 5126 842 5221 769

Wind Power (Kw) 0 300 0 200 0 200 0 40 0 50

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $1,052,641 $63,941 $744,816 $70,891 $765,391 $37,466 $272,366 $37,466 $298,366

Annual Cost ($) $581,103 $121,834 $393,037 $83,832 $521,115 $123,179 $143,280 $33,136 $145,178 $30,779

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Gozareh, Afghanistan – Solar & Wind

Optimized for lowest cost over ten years

Green Items indicate 

optimum was found 

at boundary 

condition of input 

parameter
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Solar Energy

Kabul, Afgh:  $7.50/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 15612 16538 10270 22488 13969 5068 0 5068 0

Photo Power (Kw) 0 123.5 0 72.3 0 102.5 0 75.1 0 76.9

Photovoltaic Area (m^2) 0 885 0 518 0 734 0 538 0 551

Energy Storage (KwHr) 0 0 0 0 0 0 0 861 0 882

Initial Cost ($) $70,891 $452,784 $63,941 $277,223 $70,891 $408,113 $37,466 $310,432 $37,466 $316,602

Annual Cost ($) $255,635 $170,982 $184,416 $120,877 $235,188 $158,662 $78,762 $9,665 $78,762 $9,894

Initial Weight (tons) 4.0 14.6 2.9 9.2 4.0 12.8 1.2 15.3 1.2 15.6

Resupply Weight (tons/yr) 86.9 53.9 57.3 35.6 77.8 48.4 17.7 0.7 17.7 0.7

Solar Energy

Kabul, Afgh:  $20/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 0 16538 0 22488 0 5068 0 5068 0

Photo Power (Kw) 0 547.4 0 320.4 0 454 0 75.1 0 76.9

Photovoltaic Area (m^2) 0 3921 0 2295 0 3252 0 538 0 551

Energy Storage (KwHr) 0 6279 0 3675 0 5208 0 861 0 882

Initial Cost ($) $70,891 $2,035,693 $63,941 $1,203,674 $70,891 $1,721,028 $37,466 $310,432 $37,466 $316,602

Annual Cost ($) $570,312 $77,282 $391,144 $43,205 $515,786 $65,608 $142,108 $9,665 $142,108 $9,894

Initial Weight (tons) 4.0 106.6 2.9 63.0 4.0 89.1 1.2 15.3 1.2 15.6

Resupply Weight (tons/yr) 86.9 5.4 57.3 3.1 77.8 4.4 17.7 0.7 17.7 0.7

Wind Energy

Kabul, Afgh:  $7.50/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 8143 16633 4697 22714 6288 5126 1202 5221 1016

Wind Power (Kw) 0 200 0 150 0 200 0 30 0 40

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $792,641 $63,941 $614,816 $70,891 $765,391 $37,466 $246,366 $37,466 $272,366

Annual Cost ($) $259,682 $84,152 $185,126 $57,387 $237,186 $65,997 $79,202 $26,408 $79,914 $23,561

Wind Energy

Kabul, Afgh:  $20/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 4489 16633 2371 22714 4408 5126 496 5221 534

Wind Power (Kw) 0 400 0 300 0 300 0 75 0 75

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $1,312,641 $63,941 $1,004,816 $70,891 $1,025,391 $37,466 $363,366 $37,466 $363,366

Annual Cost ($) $581,103 $107,556 $393,037 $64,518 $521,115 $105,900 $143,280 $23,428 $145,178 $23,849

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Kabul, Afghanistan – Solar & Wind

Optimized for lowest cost over ten years

Green Items indicate 

optimum was found 

at boundary 

condition of input 

parameter



1916 NOV 10

Solar Energy

Kunduz, Afgh:  $7.50/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 15661 16538 10301 22488 14008 5068 0 5068 0

Photo Power (Kw) 0 123.5 0 72.3 0 102.5 0 127.4 0 130.6

Photovoltaic Area (m^2) 0 885 0 518 0 734 0 913 0 935

Energy Storage (KwHr) 0 0 0 0 0 0 0 861 0 882

Initial Cost ($) $70,891 $452,784 $63,941 $277,223 $70,891 $408,113 $37,466 $421,495 $37,466 $430,373

Annual Cost ($) $255,635 $171,352 $184,416 $121,110 $235,188 $158,954 $78,762 $9,665 $78,762 $9,894

Initial Weight (tons) 4.0 14.6 2.9 9.2 4.0 12.8 1.2 19.8 1.2 20.2

Resupply Weight (tons/yr) 86.9 54.1 57.3 35.7 77.8 48.5 17.7 0.7 17.7 0.7

Solar Energy

Kunduz, Afgh:  $20/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 0 16538 0 22488 0 5068 0 5068 0

Photo Power (Kw) 0 929.4 0 544 0 770.9 0 127.4 0 130.6

Photovoltaic Area (m^2) 0 6658 0 3897 0 5522 0 913 0 935

Energy Storage (KwHr) 0 6279 0 3675 0 5208 0 861 0 882

Initial Cost ($) $70,891 $2,845,636 $63,941 $1,677,721 $70,891 $2,392,820 $37,466 $421,495 $37,466 $430,373

Annual Cost ($) $570,312 $77,282 $391,144 $43,205 $515,786 $65,608 $142,108 $9,665 $142,108 $9,894

Initial Weight (tons) 4.0 139.5 2.9 82.2 4.0 116.4 1.2 19.8 1.2 20.2

Resupply Weight (tons/yr) 86.9 5.4 57.3 3.1 77.8 4.4 17.7 0.7 17.7 0.7

Wind Energy

Kunduz, Afgh:  $7.50/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 14390 16633 8642 22714 8706 5126 1838 5221 1714

Wind Power (Kw) 0 200 0 150 0 300 0 40 0 50

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $792,641 $63,941 $614,816 $70,891 $1,025,391 $37,466 $272,366 $37,466 $298,366

Annual Cost ($) $259,682 $140,984 $185,126 $96,429 $237,186 $88,704 $79,202 $34,843 $79,914 $32,037

Wind Energy

Kunduz, Afgh:  $20/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 9816 16633 5840 22714 7399 5126 1062 5221 1127

Wind Power (Kw) 0 400 0 300 0 400 0 100 0 100

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $1,312,641 $63,941 $1,004,816 $70,891 $1,285,391 $37,466 $428,366 $37,466 $428,366

Annual Cost ($) $581,103 $223,550 $393,037 $142,899 $521,115 $170,623 $143,280 $38,196 $145,178 $38,721

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 3: 10 Kw (2)Config 3: 10 Kw (1)Config 2: 60 KwConfig 1: 35 Kw

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Kunduz, Afghanistan – Solar & Wind

Optimized for lowest cost over ten years

Green Items indicate 

optimum was found 

at boundary 

condition of input 

parameter



2016 NOV 10

Solar Energy

Faizabad, Afgh:  $7.50/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 15623 16538 10281 22488 13979 5068 0 5068 0

Photo Power (Kw) 0 123.5 0 72.3 0 102.5 0 106.5 0 109.1

Photovoltaic Area (m^2) 0 885 0 518 0 734 0 763 0 782

Energy Storage (KwHr) 0 0 0 0 0 0 0 861 0 882

Initial Cost ($) $70,891 $452,784 $63,941 $277,223 $70,891 $408,113 $37,466 $377,164 $37,466 $384,962

Annual Cost ($) $255,635 $171,063 $184,416 $120,958 $235,188 $158,740 $78,762 $9,665 $78,762 $9,894

Initial Weight (tons) 4.0 14.6 2.9 9.2 4.0 12.8 1.2 18.0 1.2 18.4

Resupply Weight (tons/yr) 86.9 53.9 57.3 35.6 77.8 48.4 17.7 0.7 17.7 0.7

Solar Energy

Faizabad, Afgh:  $20/gal Base Solar Base Solar Base Solar Base Solar Base Solar

Genset

Fuel Required (gal/yr) 25174 0 16538 0 22488 0 5068 0 5068 0

Photo Power (Kw) 0 776.9 0 454.7 0 644.4 0 106.5 0 109.1

Photovoltaic Area (m^2) 0 5565 0 3257 0 4616 0 763 0 782

Energy Storage (KwHr) 0 6279 0 3675 0 5208 0 861 0 882

Initial Cost ($) $70,891 $2,522,350 $63,941 $1,488,507 $70,891 $2,124,676 $37,466 $377,164 $37,466 $384,962

Annual Cost ($) $570,312 $77,282 $391,144 $43,205 $515,786 $65,608 $142,108 $9,665 $142,108 $9,894

Initial Weight (tons) 4.0 126.4 2.9 74.6 4.0 105.5 1.2 18.0 1.2 18.4

Resupply Weight (tons/yr) 86.9 5.4 57.3 3.1 77.8 4.4 17.7 0.7 17.7 0.7

Wind Energy

Faizabad, Afgh:  $7.50/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 22004 16633 14273 22714 18331 5126 3034 5221 2956

Wind Power (Kw) 0 0 0 20 0 0 0 20 0 30

Energy Storage (KwHr) 0 300 0 150 0 200 0 100 0 100

Initial Cost ($) $70,891 $223,591 $63,941 $252,291 $70,891 $212,691 $37,466 $220,366 $37,466 $246,366

Annual Cost ($) $259,682 $215,401 $185,126 $155,829 $237,186 $182,541 $79,202 $51,990 $79,914 $48,587

Wind Energy

Faizabad, Afgh:  $20/gal Base Wind Base Wind Base Wind Base Wind Base Wind

Genset

Fuel Required (gal/yr) 25714 15361 16633 9601 22714 13435 5126 2180 5221 2262

Wind Power (Kw) 0 400 0 300 0 300 0 75 0 75

Energy Storage (KwHr) 0 750 0 375 0 500 0 100 0 100

Initial Cost ($) $70,891 $1,312,641 $63,941 $1,004,816 $70,891 $1,025,391 $37,466 $363,366 $37,466 $363,366

Annual Cost ($) $581,103 $349,010 $393,037 $227,390 $521,115 $306,657 $143,280 $68,511 $145,178 $68,422

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

Config 1: 60 Kw Config 1: 35 Kw Config 2: 60 Kw Config 3: 10 Kw (1) Config 3: 10 Kw (2)

60 KW PP 30 KW PP 60 KW PP 10 KW PP 10 KW PP

Faizabad, Afghanistan – Solar & Wind

Optimized for lowest cost over ten years

Green Items indicate 

optimum was found 

at boundary 

condition of input 

parameter


